To characterize the expression of P-glycoprotein (Pgp) and p53 in different histologic grades of canine multicentric lymphosarcoma (LSA), 31 cases of LSA without prior treatment were studied. The expression levels of the Pgp and p53 proteins were evaluated for their clinicopathologic significance among standard histologic evaluation. Immunohistochemistry (IHC) was performed on formalin-fixed, paraffin-embedded archival samples of 31 previously untreated LSA cases to detect the expression of Pgp and p53. All dogs were subsequently treated with a combination chemotherapy protocol. Remission and survival durations were evaluated for correlation with histologic grade and presence of drug resistance markers. Of the 31 cases, 24 (80%) and 7 (22%) were positive for Pgp and p53, respectively. Overall, the median survival and duration of remission in the study was 246 days and 137 days, respectively. The National Cancer Institute working formulation histologic grade was not associated with either survival or duration of first remission (DOR). The Pgp protein expression and DOR and survival was not statistically significant. Expression of p53 was statistically correlated with survival. (J Am Anim Hosp
Introduction
Malignant lymphosarcoma (LSA) comprises approximately 7-24% of all canine neoplasms and is the third most commonly encountered malignancy in canine patients. 1, 2 That type of cancer is a clonal proliferation of malignant lymphocytes in solid tissues such as lymph nodes, bone marrow, or visceral organs. LSA treatment is characterized by early spectacular response, often followed by equally spectacular treatment failure. 3, 4 One of the greatest clinical challenges facing LSA patients is to achieve a sustainable, long-term remission. Resistance to chemotherapeutic agents is a major impediment to the successful treatment of human and animal cancers. Drug resistance in the clinical setting encompasses all classes of chemotherapeutic agents, including alkylating agents, anthracyclines, platinum compounds, antimetabolites, natural products, and hormones. [5] [6] [7] [8] Multidrug resistance (MDR) is related to the expression of a family of adenosine triphosphate-dependent cell membrane transport pumps. The MDR1 gene encodes a transmembrane P-glycoprotein (Pgp) that functions as an energy-dependent transmembrane drug efflux pump that expels drugs from the tumor cell. 6, 9 In some types of tumors, drug resistance is either an inherent or intrinsic property of the malignant cell. Pgp occurs in every organism and protects the tissue from xenobiotics; thus, responsible for intrinsic resistance. Other possible causes of intrinsic resistance in cancer cells include the following: the transporter MRP1, which also acts as a drug efflux pump; resistance by a mutation that results in alterations in the surface of cells leading to impaired endocytosis; and mutation in b-tubulin that can cause alterations in binding. Intrinsic resistance due to inherent tumor cell characteristics is thought to be the major cause of chemotherapy failure, especially in acute leukemia of humans. [6] [7] [8] [9] [10] In most cases, the drug resistant phenotype is acquired through contact with sublethal drug/chemical exposures. Acquired drug resistance accounts for failure of chemotherapy after initial complete remission has been obtained for a period of time. Substrates for Pgp are hydrophobic, lipophilic, ringed xenobiotics (such as anthracyclines, vinca alkaloids, and other agents). 10 Previous studies have demonstrated the presence of MDR1 gene products in drug resistant canine LSA. [11] [12] [13] In 1995, Moore et al. LSA. Those researchers concluded that the frequency of positive staining was significantly higher in postchemotherapy samples compared with the prechemotherapy samples. 12 Both of those studies used a C219 monoclonal antibody; however, the former study used a semiquantitiative Western blot method and the later used immunohistochemistry (IHC). In another study, de novo Pgp expression was observed in 30 of 91 canine LSA cases (33%) using C494 and C219 antibodies. That same study showed increased Pgp expression in relapsed dogs. 13 Other molecular factors that may influence chemoresistance include p53, members of the BCL gene family, MDR-associated protein, canalicular multispecific organic anion transporter, and lung-resistance protein (LRP). 14, 15 The p53 gene is reportedly mutated in the majority of human and canine cancers. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Mutations of the p53 gene are associated with a number of canine lymphoid and nonlymphoid cancers such as osteosarcoma, LSA, and various carcinomas. [18] [19] [20] [21] [22] [23] [24] [25] [26] The wild-type p53 protein is located in the cell nucleus and binds to specific DNA sequences. After DNA damage and other cellular insults, p53 plays an important role in DNA repair and cellular transcription. Cells that have p53 mutations are resistant to standard antineoplastic strategies that induce DNA damage, such as chemotherapy and radiotherapy. 27 The wild-type p53 protein has a very short half-life and is normally present in a small quantity such that it cannot be detected by routine IHC methods. [28] [29] [30] Other more sensitive methods of detecting p53 mutations include DNA sequencing and polymerase chain reaction-based techniques.
The purposes of the current study were to evaluate the significance of Pgp and p53 as MDR markers in spontaneous canine LSA, to investigate whether a correlation between the histologic grade of canine LSA existed, and to provide IHC evidence of those proteins.
Materials and Methods
Dogs with histologically confirmed, previously untreated, multicentric LSA were eligible for evaluation in this study. Each dog was clinically evaluated prior to treatment either at the Veteri- Table 1) . 31 Clinical responses were defined as complete remission (CR), partial remission, and progressive disease. In CR, peripheral lymphadenopathy could not be detected on physical examination. Partial remission was defined as shrinkage of peripheral lymphadenopathy by . 50% but , 100%.
Progressive disease was defined as enlargement of the peripheral lymph nodes by $ 50%. Survival was defined as the time from the date of diagnosis until the date of death. Duration of first 32, 33 Mitotic index was scored from 1 to 3, where a score of 1 indicated , 5 mitoses/high-power field, a score of 2 was 6-10 mitoses/ high-power field, and a score of 3 indicated . 10 mitoses/ high-power field. 34 Formalin-fixed, paraffin-embedded sections (4 mm thick)
were deparaffinized in xylene and dehydrated in descending ethanol solutions to buffer. For antigen retrieval, slides were incubated in 808C distilled water (pH 6) for 15 min, then cooled down to room temperature over 30 min. Slides were washed in Tris buffer (pH 7.6). Endogenous peroxidase was quenched by immersion in 3% hydrogen peroxide with methanol (10 mL of 30% hydrogen peroxide in 90 mL of methanol) for two separate 5 min intervals, and then washed with Tris buffer (pH 7.6) three times over 5 min. Shandon's Sequenza g apparatus in a humidity chamber was used for slide preparation. A protein block was performed with 10% normal goat serum at room temperature for 20 min to suppress nonspecific binding of immunoglobulin.
Subsequently, slides were incubated overnight at room temperature in a humidity chamber with the primary antibodies (antiPgp monoclonal antibody h [C494] at 3 mg/mL and rabbit antihuman p53 polyclonal antibody CM1 i at prediluted concentration). 13, [17] [18] [19] For negative controls, nonimmune serum was substituted for 
Statistical Analysis
Standard statistical methods were applied to evaluate the 95% confidence intervals for DOR and overall survival (OS). Logistic regression analysis (log-rank and Wilcoxon signed rank tests) with both univariate and multivariate analysis were performed to determine the impact of study variables (i.e., histologic grade, Pgp and p53 immunostaining) on OS and DOR. OS and DOR distributions were generated by the Kaplan-Meier product-limit method. Survival curves were compared using the log-rank method to test for differences in the distribution of DOR and 
Results
Of the 37 initial blocks, six cases were excluded from the study because of insufficient sample size to accommodate all histologic and IHC assays. The clinicopathologic data of the 31 cases evaluated in this study have been summarized in Table 1 . Original magnification 340.
All of the dogs had peripheral lymphadenopathy at the time of initial presentation, and were determined to be either stage IIIa or IVa. Thirty-six percent (n ¼ 11) were high-grade, 61% (n ¼ 19)
were intermediate-grade, and 3% (n ¼ 1) were low-grade LSA.
Low-grade lymphoma (1 of 31 cases) was uncommon in this cohort, as previously reported. 32 shown in Figure 5 . Median OS for p53 1 and p53 2 cases was 151 days and 307 days, respectively (P value # 0.0317) as shown in Figure 6 . 3A, B ). Pgp expression influenced neither the chance to achieve a CR nor OS. The p53 expression was negative prognostically for OS (P # 0.0317), but not for overall DOR (P # 0.2573).
Discussion
Traditional prognostic factors for canine LSA are gender, age, body weight, clinical stage and substage, hypercalcemia, prior steroid treatment, immunophenotype, argyrophilic nucleolar organiser regions count, and histologic classification. [33] [34] [35] In the current study, the authors' investigated the clinicopathologic significance of drug resistance markers, Pgp, and p53 in spontaneous canine LSA using IHC to detect the proteins in archival tissues. An additional goal was to evaluate for any correlation between those markers and histologic grade of LSA. The data failed to show any association between the histologic grade and expression of Pgp and p53. The results also revealed no association between the histologic grade and either DOR or OS. That was likely due to poor statistical power due to smaller sample size, which was then further compounded by subsets within an already too small population available for testing.
In veterinary medicine, Pgp expression has been investigated by IHC and Western blotting methods. [11] [12] [13] In one report, 33% of are contrary to the results obtained in the current study, in which 83% of pretreatment cases had de novo Pgp expression. Possible explanations for this discrepancy include: variation in sensitivity due to difference in methodology due to different primary antibody (C219 monoclonal antibody) used; and the fact that IHC scoring was performed by an image analysis system in the published study, while in the current study, the authors' scored each section manually. 12 The Western blotting technique has also been performed to detect Pgp expression in canine LSA. 11 That was a semiquantitative technique and might have failed to detect low levels of Pgp. Alternately, there might have been a small number of cells with high levels of expression that still could fall below the level of detectability by Western blot. The other possible explanation for the discrepancy between the current study and the previously published report was the potential for high cellular production of related drug resistance pumps, such as 37, 38 One study has reported p53 immunostaining in 40% of canine LSA cases evaluated by IHC techniques. 18 The authors of this study presume those were untreated cases, although this was not specifically stated in that manuscript. There is a discordance between the results of human studies examining the p53 gene mutation assessed either by direct mutational analysis or other molecular methods versus measuring the expression of p53 by IHC. 21, 27, 28, [44] [45] [46] [47] [48] [49] [50] [51] Possible explanations for this variability are that the two assays are not measuring the same thing and variable p53 staining can be seen with different antibodies. IHC detection of p53 in human nonHodgkin's LSA patients revealed staining in 30-40% of cases. 47, 48 The results presented herein indicate 22% staining for p53 in spontaneous canine LSA. Based on this study (and from previous reports), it appears that polyclonal antibody (CM-1) has higher affinity for canine p53. [16] [17] [18] [19] The other explanation for this could be due to the local differences in the nature and organization of amino acid residues on the surface of the canine p53 molecule compared with human p53 proteins, resulting in a lack of species cross-reactivity.
No canine-derived p53 monoclonal antibody is available, to the best of the authors' knowledge. The association between p53 protein expression and tumor histologic grade has been evaluated in many human tumor types. [49] [50] [51] Those studies also correlated p53 protein expression with biologic behavior of tumors, such as metastasis, angiogenesis, and increased proliferation rate. In the current study, very few cases were p53 positive. The conclusion that p53 expression is rare in canine LSA parallels other studies. 24 Statistically significant conclusions cannot be drawn between histologic grade and p53 expression in this series of cases; however, p53 expression was predictive for survival. In the authors' opinion, the only obvious reason for p53 expression not to be significant for DOR is the lack of statistical power and an uncommon de novo expression of p53 in canine LSA. The other explanation could be that p53 positive cases might have poor OS due to failure of the rescue protocol more than to DOR compared with p53 negative cases. In other words, survival is reduced due to failure of second remission.
